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Abstract 
Opportunities opened up by the Industry 4.0 paradigm are related to the 
acceleration of flexible and open business planning and governance mechanisms to 
foster the adaptability of the value chain to the rapid changes during ongoing 
operations by reducing gaps and controlling efforts. The constant search for a dual 
perspective (short- to medium/long term) and a twofold equilibrium (micro and 
macro vs. internal and external) is creating new challenges for sustainable 
business models. The Self-Tuning Open Reengineering Model (STORM) is well 
suited to explain the organizational behaviours of both industrial and craftsman 
firms in terms of the strategic and operational aspects of the smart factory 
paradigm. 
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1. Digital Technology 
 
Technology shifting produces a disruptive effect on business models, having 
revolutionary impacts on internal growth strategies for the manufactures of the 
future. What follows from this is the search for technological resilience in the 
organization, i.e. the capability of using technology to restore collaborations when a 
major environmental disruption is forthcoming (Mark & Semaan, 2008). 
Generally speaking, digital technology defines the new domain of business 
competition worldwide by transforming the dynamics and the rules within 
organizations. In particular, employees and leaders have the possibility to rebuild, 
adjust, and advance in new routines, a new script, and new patterns for work and 
interactive communication. Thanks to technology, people have the possibility to 
create new assemblages of digital and physical resources by stimulating fluidity of 
knowledge within the organization (Del Giudice et al., 2017). 
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□ As a matter of fact, fluidity and resilience have become 
representative of the new business model, characterized by contextual 
research of high levels of productivity aimed at increasing the levels of 
company performance, as well as organizational and managerial 
flexibility (Vrontis et al., 2017). Hence, the factory of the future looks 
like a harmonious bundle of resources, leading to greater reliance on 
virtual work and, in some cases, to deeper structural changes (Black, 
1991; Penrose, 2009; Ardichvili et al., 2003). 
 
Therefore, this paper aims at contributing to the leading literature in 
entrepreneurship, addressing the aforementioned research gap by shedding more 
light on the issue concerning the digital conversion of business models. In 
particular, it investigates how knowledge management (KM, one the main aspects 
of the smart factory) leads to converting enterprises from physical to digital open 
platform, impacting on innovation performance as well. Regarding KM (which 
represents a valuable contribution of this paper), the empirical analysis focuses on 
results achieved by some champion companies that are changing the processes of 
their manufacturing activities. 
 
□ According to a knowledge-resource base, we can consider a firm’s 
business model as a mix of workers and practices, organizational 
processes and routines, information and skills, knowledge and 
innovation (i.e. technology), which characterize the stock of tangible 
and intangible resources that are essential to achieving competitive 
advantage (Grant, 1991, 1996; Barney, 2001; Meso & Smith, 2000; 
Kearns & Lederer, 2003). 
 
□ “Secondly, the concept of STORM, correctly defined as the “Self-
Tuning Open Reengineering Model,” seeks to explain the 
organizational behaviors of both industrial and craftsman firms in 
terms of their strategic and operational aspects. It has been designed to 
strengthen scientific and technological excellence on particular 
research topics characterized by higher levels of innovation through a 
lasting integration of innovative and knowledgeable skills of 
participants (i.e. public and private), and by leveraging network 
dynamic capabilities within the manufacturing ecosystem”. 
 
□ “In doing so, the entrepreneurial intensity of the Smart Factory can 
be evaluated independently from the firms’ size and physical capital 
requirements. Hence, we are able to evaluate the competitiveness, not 
only of large, but also of small and medium companies and to identify 
as well the re-engineering of processes and models that accompanies 
the digitizing of organizational structures.  
Under these assumptions, the aim of this article is to elaborate a 
conceptual and practical framework, which capitalizes on the 
opportunity to extract knowledge from open data and artificial 
intelligence platforms”. 
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Following the results, the remainder of the paper is organized as follows: Section 
2 proposes the theoretical background regarding knowledge management 
productivity and lean production as antecedents of smart manufacturing. 
Subsequently, Section 3 explains the methodology of this study while Section 4 
presents the related results. In conclusion, Section 5 presents a discussion of the 
theoretical and practical implications, emphasizing the role of technology as 
“accelerator” as well as the conclusions, the limitations of the present research, and 
perspectives for the future. 
2. Knowledge Management Patterns for Smart Manufacturing 
 
With the increasing application of Internet of Things and big data analytics to the 
business model, it becomes essential to implement horizontal and vertical 
integration of various components inside the factory in order to implement flexible 
manufacturing configurations of inter-corporation value (Teece, 1998; Del Giudice 
& Straub, 2011; Murray et al., 2016). This marks a technological centrality of 
production processes in innovation strategies (Pisano et al., 2016). 
What we know as digital age refers not only to a new vision of smart 
organization, but also to a link between the crucial characteristics of emerging 
innovation and communication strategies and those novel manufacturing practices 
which highlight companies’ success with the use of relevant knowledge, thus 
making it critical in many organizations.  
The state of the art ultimately involves discussion of “doing knowledge works,” 
as applied to managerial systems that accompany the digital transformation linked 
to Industry 4.0. It seemingly recognizes the basis of collaborative cyber-physical 
systems that represent a future form of industrial network, a moment of 
Shumpeterian revolution that marks a fundamental passage of creative destruction 
in the life cycle of businesses and sectors, taking into increase in an hyperbolic way 
the levels of automation and inter-connectivity of companies, using increasingly 
intelligent electronic and cybernetic systems (Nelson & Winter, 1982; Davis et al., 
2012; Lasi et al., 2014; Lee et al., 2015). 
Although the definition of the knowledge-doing gap is complex and vague in 
nature, the upgrade approach is based on a dynamic interpretation of the 
manufacturing execution and a restructuration of human resource policies that 
involve all organizations which are continuously demanding to extend the 
boundaries of knowledge works (Iivari & Linger, 1999). Drucker (1993) could be 
considered the first scholar defining knowledge works as an environment where 
people handle information and contents in order to produce outputs (products or 
services) with knowledge as an essential ingredient. In these meanings, the real 
matter of knowledge labor concerns its processes and not its results, because we 
know that knowledge processes are also considered imperceptible and are 
sometimes defined as service for manufacturing productions (Staats et al. 2011; 
Laihonen et al. 2012). Such studies (Gupta et al. 2000, Toussaint & Berry, 2013) 
acknowledge an overlap between knowledge context and services, thereby 
extending further the considerations about business activities.  
Nowadays, this structural relationship affects organization effectiveness and its 
assessment becomes a critical research question for the new frontier of Industry 4.0. 
The larger the firm (and the stronger its connection with technology) the more it is 
© SYMPHONYA Emerging Issues in Management, n. 2, 2018 
symphonya.unimib.it 
  
 
 
 
Edited by: ISTEI – University of Milano - Bicocca                                                    ISSN: 1593-0319 
 
111 
likely to set up knowledge management practices. When we define the smart 
factory as a knowledge-intensive organization, it is essential to recognize the role of 
knowledge in the working process and how knowledge influences nonreciprocal 
learning relationships. In effect, the transitivity and proximity of local clustering 
and aggregation of knowledge and information within sparse intercluster ties are 
significant for intra-organizational learning networks (Paton et al., 2009; Škerlavaj 
et al., 2010). 
Hence, when a knowledge-intensive organization aims at converting successfully 
in digitization, it requires high organizational knowledge with strong, collaborative 
stakeholders and to catch up for new external knowledge (Vrontis et al., 2017). 
Drucker (1999) defined six factors to determine knowledge worker productivity: 
the task at hand, self-management and autonomy, continuous innovation, 
continuous learning, quality of output (more important than the quantity), and the 
worker being treated as an intellectual asset.  
According to Laihonen et al. (2012), changing ways of measuring productivity in 
knowledge contexts is not such a big surprise but is the better way to understand 
and communicate the factors that are impacting on relationship dynamics with 
customers and the market and for an individual’s flexible capability to apply new 
knowledge to learned experiences (Antikainen & Lonnqvist, 2006), including the 
possibility to fund knowledge and skills of learning from the networks (Mårtensson, 
2000).. 
 
3. Lean Productivity, Self-Turning Organization and Knowledge 
Management Processes 
 
Empirical evidence shows that technological manufactures can be considered as 
“lean containers,” whose innovation performance in the short as well as medium to 
long term is closely related to the sustainability of processes and business models 
that are characterized by organizational ambiguity, i.e. contextual research of high 
productivity and organizational and managerial flexibility (O’Reilly & Tushman, 
2004, 2008; Raisch et al., 2009; Vrontis et al., 2017). 
Consistent with the literature on open data platforms and open system of 
knowledge (Santoro et al., 2017), the reconversion of the company's engineering 
and business model aims at featuring the development of technology to create a 
self-adaptive, open, and dynamic business model that we have appropriately 
defined as STORM i.e. the “Self-Tuning Open Reengineering Model.  
Under these assumptions, we consider a knowledge-skilled organization as an 
intelligent, self-sufficient, lean, smart, innovative, and versatile environment that is 
able to replicate, in line with what happens in the competitive environment, the 
conditions of development and co-creation of value that can be traced back to the 
paradigms of an innovation ecosystem, with which the company communicates and 
interacts in an iterative and interactive way, sharing relationships, ideas, and 
knowledge and endorsing the potential of technological development (Dezi et al., 
2018). 
 
□ The STORM approach emphasizes that the main characteristic of a 
smart factory must be related to its entrepreneurial intensity in 
exploring the relationship among stakeholder salience, organizational 
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posture, and the ability to promote organizational ambidexterity 
(O’Reilly & Tushman, 2004; Kuratko et al., 2007; Morris and Sexton, 
1996; Raisch et al., 2009). 
 
This introduces a new organizational culture that aims at exploiting technological 
innovations in the organizational context while also exploring new venture 
opportunities. 
 
□ Recent empirical evidence shows that technological manufacturers 
can be regarded as “sleek containers” deemed as a source of 
innovation performance, a vehicle of digital transformation, and a 
knowledge management incubator (Zott et al., 2011). All three elements 
are important components in firms’ innovation strategies, with respect 
to commercialization, trade, and organizational business processes 
(Rieple et al., 2012; Zott & Amit, 2008; George & Bock, 2011; 
D’Aveni, 2010). 
Such an attitude requires the search for “tailor-made” operational 
strategies that will satisfy those paradigms of efficiency, effectiveness, 
and affordability and are more accentuated in the digital factory. 
 
In doing so, innovation performance as well as open and self-adaptive business 
models can represent a turning point for a new competitive formula which 
emphasizes the excellence of Italian entrepreneurship moving towards new lines of 
value creation with involve businesses, universities, and public institutions (Mills, 
2002; Carayannis & Campbell, 2009). 
Finally, at the organizational and production level, there is a novel stream of 
research that considers current factories as lean organizational manufactures 
(Blank, 2012).  
In particular, according to Osterwalder and Pigneur (2010), we cannot forget that 
the contribution of intellectual capital and external knowledge represents the 
intangible elements of the technological conversion of business models (Foray, 
2004). In doing so, the implementation of informatics and cybernetic systems along 
the entire value chain is considered the first important mediator that supports 
customer-based and built-to-order competitive logic (Chen & Popovich, 2003). In 
particular, big data analytics represents a new era in the exploration and usage of 
data, especially for the decision-making process and production level that seems to 
be closest to the market (Zikopoulos & Eaton, 2011). 
This promotes a fluidity in the circulation of knowledge that is useful for 
strengthening interconnections and human resources relations, thus reacting to and 
preventing certain organizational dysfunctions. In effect, artificial intelligence 
systems and Internet of Things (IoT) platforms favor moments of organizational 
and relationship learning, enhancing exchange of knowledge between people and 
processes (i.e. human-to-human, human-to-machine, and machine-to-machine) that 
help to discover, record, store, and transfer technology data (Evans, 2012; Mital et 
al., 2017). 
As a matter of fact, the employee-reskilling of Industry 4.0 aims at extending the 
traditional skill-set of competencies with a new one built on social skills, 
organizational leaders, and new workers (Ray, 1989; Barbuto, 2005; Papa et al., 
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2018). This mediates between two distinct and mutually exclusive learning modes – 
organizational ambidexterity and search for innovation performance – dealing with 
the concept of exploration and exploitation routines in knowledge management 
works (Chesbrough, 2006; Filippini et al., 2012; Vrontis et al., 2017).  
Technology-skilled organizations accept for themselves a “thinking ability” not 
only for employees and managers but also for processes and machineries. 
According to the principles of Knowledge Management, companies must exploit 
their intellectual capital, both internally and externally (Brondoni, 2015). Hence, 
intelligent factories are raised as new best technological transfer practices within 
the ecosystem with which they interact in order to share and favor new digital 
knowhow. 
 
4. Research Approach 
 
In this paper, we aim to explore the effect of digital transformation on the 
business model by providing a new conceptual framework that can help scholars 
and practitioners to understand more deeply how competition and competitiveness 
play out under the new industrial revolution and formalize some research questions 
on the new trajectories of business affairs (Freedman, 1999; Friess, 2013). 
The literature review done by Datta et al., 2005 has been chosen as the context for 
this study, serving as the benchmark for the conceptualizations made by the 
authors. 
In this paper, the first hypothesis is: 
 
□ “H1. Knowledge impacts positively on productivity.  
This interdependence directly influences the organizational climate by 
enhancing the communication and interaction between individuals, 
which is critical for better understanding shared scripts and common 
vision.  
 
The second hypothesis of our assumptions is:  
 
□ “H2. Technology impacts positively on knowledge interactions, thus 
becoming a catalytic factor that can help workers to collaborate and to 
share data and information with each other. 
 
In this condition, the individual with high reward interdependence is more likely 
to generate a perception of clan culture. And it is also accepted that: 
 
□ H3. Perceived clan culture acts as a mediator in the link between 
technology upgrade and knowledge hiding.  
 
In other words, technology transformation brings incentive mechanisms for both 
more productive and skilled behaviors. 
However, the new Smart Factory conceptual framework is hardly generalizable 
because its application is very much constrained by firms’ idiosyncratic 
characteristics.  
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Based on the Business Canvas Model (Osterwalder and Pigneur, 2010) and 
according to a knowledge management perspective, in Figure 1 we present the 
STORM framework that aims at considering the smart factory as an open system of 
knowledge (Berchicchi, 2013; Papa et al., 2018).  
In doing so, we want to examine different sources of knowledge (i.e. ingredients) 
and the key outputs related to technological transformation of the factory. 
In particular, we focus on studying how lean methods, functions and business 
reengineering processes have been affected by digital conversion with the impacts 
on efficiency and organizational effectiveness and possible reflections on company 
performance strategies as well (Kuratko & Audretsch, 2009).  
 
□ We work with three main assumptions: 
1) knowledge management is the starting point for creating customer 
value; 
2) customer data and content support digital manufacturing in creating 
new things; and 
3) new things enhance knowledge productivity, developing new 
competence and expertise. 
 
Accordingly, we are not interested in studying specific organization contexts. 
Rather, our more general purpose is to highlight the potential use of a new 
framework for practitioners and academics that could be helpful for understanding 
digital business realities (see Figure 1 for a research process illustration). 
In the next section, we summarize and discuss the state of the art by providing 
some considerations on implementing smart manufacturing practices on business 
models, and then conclude with some practical and theoretical implications that 
could be especially helpful for future works. 
 
Figure 1: The Concept of Storm 
RTT = RATE OF TECHNOLOGICAL TRASFORMATION
Factory 
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5. STORM Principles and Approaches to Industry 4.0 
 
Generally speaking, STORM aims at developing an organizational structure in 
which intelligent objects and their interconnection processes between the real and 
virtual domains appear as central aspects of the entire production processes. It is 
mainly characterized by bottom-up approaches, which are recomposed at the lowest 
levels of the value-driven pyramid – the shop floor – wherein middle management 
is positioned to operate in a proximate position with respect to production lines, 
having the possibility of monitoring and evaluating faster and more effectively the 
implementation of operating strategies. Hence, it leans towards more specific and 
faster solutions to resolving manufacturing problems that can hardly be addressed 
according to standards and best practices replicable in other business organizations. 
According to the existing literature, the new paradigm goes beyond the common 
conceptualization of business models by considering the digital factories not only 
as “manufacturers,” but mostly as “service agglomerates” offered to the customer 
that will cover industry with ever more labile boundaries. 
This approach fosters two main contributions that this paper aims to evaluate: a) 
the impact on business of the enabling technology model for each participant, and 
b) those mechanisms, evolutionary stages, and areas affected by the business 
models’ fine-tuning process (Eisendhardt, 1989).  
The re-engineering of the smart factories as it means implicitly accepting the 
management of knowledge and technological innovation is a complex and multi-
stakeholder process; thus, it is very difficult for this process to be managed by each 
firm as a standalone.  
This consideration leads to an understanding of the digital ecosystem, identifying 
a set of core generative and underlying structural relationships between the factory 
and its principal partners which fully claim their role in strategic decision making.  
 
□ As a matter of fact, firms reveal the need to propose “modularity” in 
their business models, approaching the business as a “fair 
compromise” between significant and continuous learning adaptions 
(that derive from the business analytics) and the entrepreneurial 
investigation of real options strategies according to the interpretive 
dogmas of discovery-driven management (McGrath & Mac Millan, 
2009). 
 
As a consequence, firms have to identify the conversion rate and the stage of 
technology transformation before claiming their value proposition. However, such a 
process cannot be designed a priori; rather, it follows a deductive approach, aiming 
at verifying what objectives have been achieved and at what rate of technological 
transformation (RTT) companies have arrived. 
With regard to the innovation grade, it is possible to identify three incremental 
trajectories of the technology conversion that are following.  
A first step identify companies are using IoT machine-to-machine and cloud 
computing technologies. In this case, we consider factories that are redefining their 
business logics thanks to the ability to increase the computing power and 
connectivity of their organizational structures as well as the storage of new 
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information. These trajectories can be developed in the short to medium term and 
require intervention in the application of already developed technologies.  
On the other hand, the factory can benefit from analytics skills that can come 
from machine learning, favoring knowledge sharing and data analysis according to 
the paradigm of lifelong learning processes. It is also useful to disseminate best 
procedures and synchronize routines at all organizational levels, by supporting 
autopoietic knowledge management circuits (Carayannis & Campbell, 2009). 
Subsequently, at the middle stage, we will find companies able to develop 
interactions between man and machine, involving touch interfaces and augmented 
reality in manufacturing processes. This stage emphasizes practices of shop floor 
management and management-by-objectives (MBO) approaches, allowing a 
monitoring and correction process of real-time performance. 
The last evolution stage, the top level, would concern the digital manufacturing 
processes that include additive manufacturing, new digital technologies, machine-
to-machine robotics that support smart-working and smart-production processes, 
rationalizing costs and production times while at the same time optimizing 
performance and reducing waste and defective products (Westkämper, 2007). 
Obviously, the greater the tacit knowledge, the higher will be the impact of 
technology on business model practices. Accordingly, at this stage it is also useful 
to identify which level of reengineering business architecture is carrying on its 
lifecycle. As highlighted by the RTT chart in Figure, we have discovered three 
main steps of technology transformation, namely startup, fine-tuning, and 
reconverted. 
In the startup, factories pushing a deep transformation of their business models 
require strong investments in technologies and intellectual capital assets. In this 
phase, the conversion is planned with other stakeholders. Digitization proceeds 
slowly and usually in accordance with public fundraising research activities 
(Romano et al., 2018). 
Fine-tuning is an incremental step concerning companies already actively 
involved in business model conversion. These structures deepen daily technology 
challenges by directing their knowledge works towards new technology 
innovations. In contrast with the first step, fine-tuning represents a stage of deep 
uncertainty and volatility involving the organization at the top management level 
for strategy as well as from bottom-up in system operations. At this stage, there is a 
strong impulse for self-assessment (learning by doing), and it almost always 
proceeds by trial-and-error mechanisms. 
Finally, we find factories that have completely reconverted their production into 
new digital mindsets and reformulated their business model under the thrust of new 
innovation trajectories. In doing so, we catch technological pioneers, i.e. companies 
distinguishable for their size and entrepreneurial skills, having already assimilated 
and overcome the long and tortuous phase of technological transition.  
According to global and digital competition, it’s easy to understand why every 
factory should tend to the last stage in the long run. However, this stage is currently 
still unexplored. This happens because Industry 4.0 requires a new business 
structure – open, borderless, and elastic – which descends to lean production and 
informal management with the contents of the new digital entrepreneurship.  
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As a matter of fact, a company that proves itself to be “agile” in 
partnerships or relational networks is also “fluid” in developing 
harmonious bundles of knowledge and skills aiming at reaching 
inexorable processes of value co-creation with the ecosystem. 
 
Our consideration are obviously not without limitations. First of all, we consider 
digital conversion as exogenous an event, neglecting the entrepreneurial intensity of 
the individual partner who has the opportunity to establish when, where, and how to 
operate in order to strengthen its innovation performance (Santoro et al., 2017). 
Secondly, the specialties of a manufacturing industry (e.g., craftsmanship or luxury 
production) are often the most penalized in terms of efficiency, engaging more 
frequently in collaborations with the market (Bonfanti et al., 2015). In these cases, 
customers would provide a greater source of big data analytics, thus liquefying the 
flow of knowledge within the organizations. 
 
6. Discussion and Conclusion. 
 
The innovation of 4.0 lies in knowing how to combine different technologies 
integrating the factory system and supply chains in such a way as to create a totally 
connected and integrated system. In doing so, it will be possible to manage 
networks that incorporate and integrate machinery, plants, and production facilities 
with logistics, warehousing systems, distribution, and communication channels.  
In conclusion, this study deems that digital transformation serves as forerunner to 
the construction of a new conceptual and practical framework which revises the 
dynamics of competition based on entrepreneurial intensity (Morris & Sexton, 
1996). 
This research aims to understand how the disruptive innovation promoted by 
Industry 4.0 fosters open innovation practices, developing a conceptual business 
model which hypotheses a technology resilience for the smart factory, namely a 
new way of organizational flexibility that highlights the role of knowledge 
management capabilities.  
In particular, a baseline hypothesis has been firstly proposed about the positive 
effect of knowledge fluidity on the business model. Then, it was hypothesized that 
the reengineering of processes has an impact on the relationship between the 
business model and innovation performance. According to the results, we want to 
support from one side new principles of knowledge management works and the 
reskilling of competences which can influence the ambidexterity, namely how 
digital factories are able to pursue the exploitation and exploration of new 
technological innovations together. Moreover, thanks to IoT and big data analytics, 
organizations can improve the level of commitment and understanding of the 
market competition and customer needs as well. In this way, employees are more 
willing to include external sources of knowledge, and support customer-centric and 
just-in-time manufacturing solutions (Harrison, 1992; Swanson & Lankford, 1998; 
Galbraith, 2011). It is therefore clear that the most precious resource is the amount 
of data produced by IoT devices. Such data must be accessible by other systems, 
including stakeholders, users themselves and, if possible, the research communities 
and institutions as well. To realize this knowledge accumulation, it is necessary that 
all the devices be connected to the network.  
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To really understand if an identified need can be solved by the chosen 
technological solution, it is necessary to develop several prototypes. The more 
quickly those prototypes can be developed, the more it is possible to experiment 
and develop distinctive skills. To achieve this goal, one must be able to identify 
needs, develop prototypes, and attain an entrepreneurial mentality, which means 
acting as a startup. Last but not least, it is necessary to create an open organization 
able to capture opportunities, discover external talents, and inspire and motivate 
people (Barbuto, 2005). 
 
□ From a practical viewpoint, we can summarize the implications of 
this article in two major strains that turn the attention to new modes of 
competitiveness at the firm and industry level.  
 
First of all, STORM has an impact primarily on the attractiveness of the sector, 
because companies develop and stimulate competition with different strategies, 
skills, and models. In doing so, the pursuit of these benefits can have economic 
implications for: a) improved work productivity based on product innovation 
capacity, which leads factory to the increase excellence of their knowledge 
operations (seen as revenue from new products); b) greater efficiency in the use of 
productive factors (capital, work, and physical assets); and, finally, c) greater 
product and service quality.  
Furthermore, STORM affects key-drivers of the value chain by better linking the 
manufacturing processes to the stakeholders’ needs (Porter, 2008). This also 
protects the value of innovation, making it difficult to imitate, thus maintaining 
market share and increasing market penetration.  
Consequently, STORM helps top managers to identify new strategic excellence 
for the organization, by impacting on the acquisition of new markets and creating 
new product and process innovation. 
The challenges of smart implementation in manufacturing industries are 
overwhelming. As such, it is widely known that successful implementation requires 
a deep understanding of contextual factors.  
To succeed shortcuts and short-term formulas do not help rather, we need to 
understand both the variation of the knowledge and what we intend to make digital 
in the factory with much investment, effort, and courage. 
When we discuss digital models, the focus is on the knowledge process and 
related practices. Thus, continuity is fundamental. However, we need to do it 
quickly, not only thinking about restoring efficiency or chain integration issues.  
Regardless of core assets and core business activities, smart organizations have 
the possibility to eliminate bottlenecks and to create blue ocean businesses that not 
only have uncontaminated  market  boundaries but also create new modus operandi 
(Leonard-Barton, 1992). 
□ On the other side, at firm level we recognize human-machine 
interaction as the most important lever in extracting data and 
knowledge which is focused on an increasingly active role for workers. 
They are considered in the same way as entrepreneurs, producers, and 
generators of innovative solutions and new entrepreneurial ideas. 
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According to feelings of ownership with respect to the company in which they 
work, when it comes to the digital, a knowledge worker could potentially provide 
useful methods and practices for maintaining knowledge work productivity. In 
doing so, we celebrate the organization as an incubator of different skills and 
knowledge.  
In conclusion, the factory of the future will be able to “learn to make mistakes.” 
Technology upgrade certainly represents a first tool of responsiveness that allows 
firms to fail: the risk of default is inversely proportional to the ability to adapt. 
Awareness is strategic: making Industry 4.0 surely means using digital technology, 
but also knowing how to read new business (Zuehlke, 2010). And it is precisely in 
this that skills and knowledge become trigger assets for reconversion. That brings 
us back to the focal point, namely the shifting of corporate culture, which is the real 
challenge of Industry 4.0. It happens because, from one side, culture influences the 
correct implementation of digital technology in organization While, from the other 
side, it improves the speediness and degree of adaptability of the business model, 
facilitating self-tuning fittings. 
From the theoretical perspective, the existing literature does not satisfactorily 
investigate the contingent factors regulating the workings of smart factories (Dezi 
et al., 2018). Accordingly, this study aims at providing a new and original 
contribution to the main field of research, by addressing several questions and new 
research idea for the future.  
The new concept of the STORM Factory stresses the centrality of new 
technologies within production processes. Innovation strategies must be able to 
develop knowledge procedures consisting of external and internal data and 
information flows that are able to ensure sustainable, unique, and scarcely 
replicable competitive advantages in order to become more adherent to the 
competition dynamics in the wake of the Industry 4.0 paradigm (Carayannis & 
Campbell, 2009; Papa et al., 2018). Therefore, the focus on external knowledge 
acquisition can help factories to rebuild themselves technologically, recognizing 
that new business models are both feasible and actionable through the discovery of 
new attributes and risks in highly uncertain environments (Choi et al., 2008; 
McGraith & MacMillan, 2009; Chesbrough, 2010).  
With this in mind, exploration and exploitation of innovation – normally focused 
on the product and service offered – are further integrated into existing business 
models. By doing this, we can continuously screen and analyze business models by 
experimenting with manufacturing modulation (adjusting the value chain compared 
with the surrounding environment, i.e. frequent modulations coming from 
customers’ feedback) and influencing consumer preferences (not only with current 
products, but also providing new products and services).  
Making the shift from competition to co-opetition is surely the first step toward 
the re-engineering of smart factories (Tsai, 2002). It means implicitly leaning on 
knowledge management and technological innovation as two main paradigms that 
endogenously affect business organizations. 
Clearly, the present study is not exempt from limitations, due to its interpretative 
nature. The first limitation is linked the use of a single-case methodology. Whilst it 
has generated a considerable number of implications supported by a coherent 
literature review, it lacks of reliability. This makes it difficult to replicate our 
findings. Finally, while the originality of the questions explored in relation to the 
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research gap represents a strong point for the study, it also makes the research 
theoretically vulnerable, as there is no clear pathway in terms of the literature 
concerning the subject.  
Thus, starting from the results related to the case proposed, further investigation 
could be extended to more business realities, particularly through a multiple case-
study approach.  
However, managerial research in this field is scarce even if smart manufacturing 
is not a new phenomenon. Even so, most related studies discuss the improvement of 
operations and engineering processes, whilst only a little scholarship adopts a 
different perspective regarding lean applicability in the knowledge work process.  
Although academic work has been lacking in this objective, more and more 
companies have taken beginning steps to make their organization smarter. In this 
way, future work should include longitudinal perspectives and comparative 
analyses as well. In addition, it would be interesting to empirically verify, through 
the use of structural quantitative methods, the relationship between various aspects 
involved in the digitalization (i.e. human resource management, innovation 
performance, ambidexterity, supply chain, etc.) aiming at generating new scholarly 
and managerial insights. More studies will also focus on specific knowledge work 
environments, especially ones involving knowledge-intensive work. 
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